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SEMICONDUCTOR LASER AND OPTICAL DISC DEVICE USING THAT 
MATSUSHITA ELECTRIC IND CO LTD 
Inventor(s):ADACHI HIDETO IKIDOGUCHI ISAO SKAMIYAMA 
SATOSHI JUENOYAMA TAKESHI ;MANNOU MASAYA ;FUKUHISA TOSHIYA 
Application No. 11123225 JP11123225 JP, Filed 19960327A1 Published 
20000303Published 20000303 

Abstract: PROBLEM TO BE SOLVED: To provide a highly reliable 
semiconductor laser having stable self-excited oscillation characteristics by a 
method wherein the degree of doping of a saturable absorption layer and a 
spacer layer, which constitute the laser, and the thicknesses of the saturable 
absorption and spacer layers are specially set properly. 

SOLUTION: This semiconductor laser comprises a substrate 201 consisting 
of an N-type GaAs film, an active layer 204 and one pair of clad layers 
holding the layer 204 between them. The laser further compiises a spacer 
layer 205 adjacent to the layer 204 and a highly doped saturable absorption 
layer 206. The layer 206 is arranged at a position separated from the layer 
204 so that the coefficient of optical confinement of the layer 206 is set at 
about 1% or higher. By doping highly the layer 206, the life of carriers in the 
layer 206 is shortened and the stable self-excited oscillation of the laser is 
obtained. As the result, a semiconductor laser having the relatively low 
strength of noise extending over a wide temperature range is obtained. 
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[0 0 7 1] pI«&fPK»lXJi 2 0 6 twt^Sli 
— tf-Jf 2 0 5^5 0 0 A Kflfit^ffioSB 

^(Dm^&^^t^xmM^tnvx^^o LfrLs * 

-y-Ji 2 0 5^100 BlfiSfpKiKJi 2 0 6 

tot^ttKli, Sttl2 0 4^1i L fK^ : iiT^ 
So -*U4, 9 ^»^tt^-^pJfa?p5RiRJg 2 0 6C 

[0 0 7 2] !J TOttAlwioTSftTrtlr^F"* 



Stt, l 0 oAi ?f<t4!S«#fc5-i* s b*^ 
[0 0 7 3] Hl2{t tf-iof$ £*TIS?D@iHX 

3 x 1 o ,8 cm- 3 KK»i5 
jffrK^fci. Ell 2^fcfc^5«t5t-, t^a^sx 
lOWcm^KTCtStli, ^t«©»SS:2 0 

0 AEJL±tri-4^B^fc5 0 H3il {HBO* 

[0 0 7 4] 014 AS: V0 14BI1 **9f$ if 3£ 
«0«SEt»fe«l* (RIN) «ftt«r*r o B14AB, 

[0 0 7 5] U—SfJSUtt, j£v^a««s 

1 4 0 dBOWbntl^Wt, *5|PJ<7?^f*U 

[0076] ^—vmtD^myoM&iz^^xm 
[oo77] ifji-^^rfiafpKiRaiw— 

Sr K-^i-Sw t(cioT^«afPKflXJii-*5*t5^-V' U 

£ 0 mi 5 AH *s<-^m<n K-tfV^^^S x 
1 0 17 cm- 3 (Ol^(D(f»»Wg*^^t, Ell 5 
Bit ^^-tiO tV ^ 2 X 1 0 18 c m 

5 B J: 5 lw, ^-tl#2X 1 0 18 cm"3 

ttJiiz*-et£«i-a. tut, mwtkkizis-'piDm 

[0 0 7 8] EA±»r|ftWUfc4:*3 9, gift«ifi«^>ffl« 

5*««tt©f»#^-1' l *t*»6fc* l::tt * WTO 
*«W0)J:5l-, ^ISfD!RiR»tt5p 

[0 0 7 9] EAT, pfttfP5RiR»i:-toiS«0^«1*» 
[0 0 8 0] ::t- t ^-fi^K-^^^^^ 
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pJ$&%nt&$LS<D K— kV^ l"</u t <Oi^SrA P 
3 0 11611 P Bax OAP^t4^^LT^^ 0 ~<7} 
El^SSib^J: AP(1 $?£L<I4, 0. 3X 

1 O l8 cm- 3 ^±T-fo6o *^-iHil4. ^F^%T^— 
t K— ^SixT^4£«lifc< . *^-^/ff4, 

[0 0 8 1 ] El 1 7 -0 2 0 14, pliSfDKlRJiXt/'t^ 

[0 0 8 2] El 1 7 S:#flRi"5 £ . 2 0 5 60 

— Ut pTfi&fPK»RJl 2 0 6 ^ K— fc^^w^uj&s 1 . 
OXl0 18 cm- 3 t*fc^C ^^-t|2 0 5^H 

1. 0X10 18 cm-U!)&\ Z(nmx~\*s *^<—y- 
12 0 5JZ*3^TiStt»2 0 4lCBWf-r«»»^ K-t° 
^u^yu^ ■sifiSfoKiRS 2 0 6 co K— t°^^u^ut 
O^S^, 0. 3X10 l8 cm-^K'fc^t 

[0 0 8 3] El l 8 Sr#RSi"^ i , 205 
(4, "TfifPRflUi 2 0 60 K-tr^^u^</u 

T^£^, ^-tl2 0 5W5 ll 9"CiStti2 0 4«)fi 

{gogR#i4, ffittJS 204 tJStSlRlc K— tr^^u^/u 

2 0 5 fcjSV^TBttUi 2 0 4 K— 
^u^yi't nlfi&fPSRilXJf 2 0 6 O K— tf^l^/uio 
Ig^ri*, 0. 3 X 1 0 ,8 cm- 3 J^±"C'fo^^t\ 

[0 0 8 4] El 1 9 £#P£-f £ t % *-<-1f-/f 2 0 5tt 

12 0 5 OK— tr>'^U'<^^pIfifP!Rtt*2 0 6 OK 
— t 6 :/^U-</U<hCDM^7^0. 3X1 o l8 c rrr 3 J^_b-C 

[0 0 8 5] ^JfSfPKJR» 2 0 6 3&S^««-ei«»*^ K 
— 7£tiX\t*Z>&&. 112 OK* £K4 J: ^rO^F 

[0 0 8 6] ***M-ett, H6Jr**lxS J: 5iw, 
iSfP^ilXS 2 0 6I4JS1 WpS*??/ Kg 2 0 7 0^{3 
KttfctfCv^jftS, nl^r; KH2 0 30«f JwK*tb 
ntU^c *HSS«-c»WLfcJ:9lw, "Tf&fnRiRJf 
2 0 6 tfgtt/i 2 0 4 iwffiffil33fi < teffi $ Jlfc 9 , 
rtf£14Jl2 0 4 fcTTft?P!ft»aJi2 0 6 ^F^^t 
M2 0 5 0 K— t e V^w-<^SrS5< L-ia#*i, 

7VKI2 0 3 0*05I^ftfi£ftlw plfSfPKiRS 2 0 6 

a*Bm ttotf, *ifi&?pK«xJi 2 0 6^pS^5yKi 

2 0 7lwK»tblx6*&i:in«l-, ^IftfdKttJi 2 0 6 



[0 0 8 7] (3a*W2) *»9IKJ:4*»#i/-fSi 
B<0*2O«*WS:ttW^5« :<0*'3»^f81 

[0 0 8 8] El 2 1 lZ7jk£ixZ>£?\^. if 
J4, niGaAsSSl201^ GaAsSSl20 

-^«*8IJmt3Ka. niGaAs^77ll 2 0 2, , 
n ?S A 1 G a I nP^77 Kg 1 2 0 3, A 1 G a In 
P#t>'G a I nP^bi»«iWStti 1 2 0 
4, pSAlGa I nP^-tll 2 0 5, pSGa 

1 n p^ h*-y&+#p^mumm 1 2 0 e , jt*M 

KJl 1 2 0 7 , IS 1 O p 8 A 1 G a InP^yKil 

2 0 8, P SGaInPxyfy^iil 2 0 9,S 
t;i2(DplAlGa InP^7yK|1210 £^A> 

[0089] $2(Dp m A 1 G a I n P * 5 V Kg 1 2 

1 014, #fiSft#lftK:JStf5* h7^^tt (« :#?) 
2. 0 — 7. O^ni) &f LTV^o 

[0 0 9 0] »20pS^7S/Kil2 1 0O±ffiiI 
(4, 3^^M1211 *S«ritS4x-C^a« l2Wp 
KB 12 1 0X1*= Ml 2 1 1 tf>P5{B!l 

J3I4, niGaAsfiyny^il 2 1 2**»/fi3ft. 

2t<D±\ZU. pSGaAs^^^H2 13« 
$ixTV>^ 0 ^7^11 2 1 30±ffiirf4pSm® 1 

2 1 4A*»J*3il, »«1 2 0 KO*aB«-ttnl!««l 
2 1 5dS«*Sn-CV^* 0 iStt* 1 2 0 414, 3iftf># 

[0 0 9 1] ro**#^—f , 3Sll*r«J*-*"***»# 

(4, EATOil*9"Cfo^o 

[0 0 9 2] 1) -eil&fpKflXH t tt, fi^F-^F^Ifi&fP 
P^HX® 1 2 0 6 (»$ : 3 OA- 1 5 OA) tfm^btl 

[0 0 9 3] 2) BttJiiU-C. #sa^#FffittJii 

2 0 4^ffl^b^tl^o 
[0 0 9 4] 3) ^JfflfPKKS 1 2 0 6^ 
(1. 0X10 18 cm" 3 y±) CK-7 , $nt^4o 
[0 0 9 5] 4) pJfiftSMRJi 1 2 0 6C»tt, 
(Alo. 5 Ga fl ,) 0.5I n a ,P*^45*^ K« 1 

207 (J|$:3 0 0A-1 5 0 0A) ^K*tfelXTV^ 

[0 0 9 6] WTi:, El 2 2 5r#itW?)> 

[0 0 9 7] El 2 2^bWb^4± 5t-, *^JEfiTdT- 
14, 3fe7tM Kil 2 0 7 *S pUSfoKflXli 1 2 0 6 (Dj&m 

Ktt»te>n"ri^4. *^ KI120 7(4, *5j«afp»iR 
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11 2 0 6 «fc 9/h£ < ao^-<-i^ii 1 2 0 5^ 1 <73 
pI?5yK11 2 0 8 £9 fc*S*JB*f*Mr*L'Ct* 

[0 0 9 8] plf&fDPSiRji 1 2 0 6 fc*^#F**ifi«r«F 

Jf f4. fc* 9 SttJi 1 2 0 4 KiS^ttTKtt feivfcv 

[0 0 9 9] ***tt-CJ±, *7iy K«it*>«L0>»# <t 
DtJfflSf*^*** (Al 0 . 5 Oa 0 .5) o.5 I n 0l5 P^ 
b*53t*^ Kg 1 2 0 7 SrWI&fnKte/f 1 2 0 6 Oj£ 

«lciEll-fa :ti:iot 4 pjffl?p»iRJi l 2 o 6 ojfc 
iHi:a«)«*tt«Jio*n*. KI120 7*qfA 

[0 10 0] pJfi&fPKilXJl 1 2 0 6 Sri-^Fl-Lfc* 
Kil 2 0 7*bT-t^*Btia»fll«k*re»«**:* 

H 2 0 6 <Dif ifc£±t*n-f 3 i . ^IttftiRiR* 1206 

|12;0 6fl5iEflKr*^-f KI 1 2 0 7£l£tf&- 41:: 

[0101] ^^'-r Kil 2 0 7<D^^K=¥ J \r s/^tt, 

t < t4, "SlfiftRJlXJi 1 2 0 6co/-<> K^> y^i 
9 ^^-ti 1 2 0 5 K¥+ y ^± 9 

L#»U )tWKil 2 0 7(?)^yK^>7 
^^pltafnKK/i 1 2 0 6<D'<>- y*c J rvy^i5:i~gZ> 
ts plfflfoKiR/Sl 2 0 6 dftriSBHCi&A fcixiS^So 

3t»iRc5fifP«HS*»**< 
[0102] ^ll^FStti 1 2 0 4 14 3 ocofi^f 
#FS&r^^ #a^-#F^coi?$i4 5 0 AX*foZ> 0 * 
^.^p-sj^fp^iRl 1 2 0 6 03Sff <T>Jti3<< Kil 1 2 0 

7H 1 5 0 oA (#fij£x = o. 5) 

^iltl^ 0 7t^K1 1 2 0 7^f$it 2 0 0AEA 

[0103] *-¥-#F*5IfifO»lRJi 1 2 0 6 (4. 'JMR* 
<f U T^ftT-JtFpIiafDKiRIB 1 2 0 6 iw^A^n^^ 
P£9(4, #fifi^#F«ttJIl 2 0 413$ bKiS^ttT 
*^#F"5IiSfP»iR* 1 2 0 6#Stt/B 
1 2 0 4tcifi-5#a«fTtt«*n*i:, iSttJIl 2 04 
^P>t-/<7D-Lfc'>8*^ JJ T^BlftfdRiRJI 1 2 
0 6i:aA4H5 tt ttoT, plfifDKiRJB 1 2 0 6J4, 
^tfc^-r y T^"5Ii&foKiRJi 1 2 0 6lw&A£4x5 - t 
frX^ZtzVmf bixZ>£ 5K, 1 2 0 4Wi6» 

»wtt»tb*t5wi:*S»*LV\ ffitSJf 1 2 0 4^5>^fft 
foKUXJi 1 2 0 6— (D'JrWt** U TiSASrftMtStft 



\Z y *^—y-m 1 2 0 5(0/<> K^r> ffSK 
(4, KWJS^tt^ttd^^K^+s/^iOt)* 
#< Sh5. Sffiffl 1 -CttWLfc^-IJ-Ji 1 2 0 5(7) 

[0 104] *jW«0*i»*U-1fKltW***m* 
(P^) tt. #Ii : P#PiSttii 2 0 4l:l : f#F 
«igS:«Ai"5 r^dJcoT, /^u^Stt/f^ffl Wc¥ 
^U-^e^*«3tta*tCit-<-C, ^2 0%tfADL 
fc. Sfc, L*tH*««tf(S«L-C, ^* 

[4, m&x*®m^mkteZo 
[0105] !ras«-ett, E9»w 

*sn5±5*ia«sa*^st»*^ - i3 0dB 

/H z WT^tB»*t*»* (RIN) fc»fetlfc. 
[0106] EA±»-ttWUfc±5^, *StW«^>*** 

[0 10 7] (ftlkfld) »*asit«) 
JR3 0X«iM«r« H2 3Sr#WLTttW-T5o 

[0108] nlGaAsSSl40 1(7)il:^S/77 
S1402, A 1 G a In P^fc45nS^ 5 > KB 1 
4 0 3, gtfcjf 1 4 0 4, A 1 G a In P^6ft5JSl 
(DpS^77 KJi 1 4 0 5. pMG a I nP^5)4S^ 
y^^flPitJI 1 4 0 6^ i(0«K:«j*£;h/O*a. 
^s/^^^lflhJB 1 4 0 6^±SBI-»4, A 1 G a I n P 
y 7^l2(7)pS^7i/ KJi 1 4 0 7 fc p 
?gG a I nPH453^^ Ml 408 t3&S?^^S:S 
4x5o J y » 2 p ? y Ki 1 4 0 7 ft tf a 

^9 V YM 1 4 0 8 OHffiOfi* nlGaAsi^bftS 
««^n y 1 4 0 9l:±otffi*ii*^t^5« S 
bH, 3y^^Hl 40 8 tia^n^^il409 
tO±l:li, piGaAsH4§^ty7'il4 10 
^M^iitl^o *+y^il4 10WiStffflSl 
4 0 1 tf>Sffit::t4* pIt«14 1lRtfnSWl4 
l 2^-t4x-PJx»fi8;Six"Ci^i« 

[0 10 9] $ bi^, pi^JWWSiB (Z n) SI 

•raw*) cM^ntt^o wi-iot, sttai 
4 0 4©t*aA««^wwti-* v-y^mm 

ilxfiBtti 4 i 3^jf0jS:$ixSo 
[oiio] *3fcttW<D*«K*u- ^BI4, iSttli 
4 0 4 co— »^"5rtSfD»i|X««4 L-C«WBLTt^5A 
T% fltr*^t>^4*45o St4^ 1 4 0 4 omss&AfP 
tt-C#£Lfc#<B— JBH4, matttAWW^HW^iflra-f 
-5"STiafpP^iR^*l 4 1 3I£J£* S 0, plfifp»tt«* 1 
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[0 1121 Sfc, pI«&fDKHX««c 1 4 1 3 C: 5^1" 3 

[0 1 1 3] EB2 3 {Z^-TX o **** ^-fgtt 
tl gB*«a***IISftt - 1 3 0 d B/H z BT 

[0 114] *Mfc«T?r*, rastoznia^t, 

[0 115] (Hi£WI 4 ) 0 2 4*rlMSL***&. 
#1— ^««OjR4<DSIllS«S:IftMi"So 02 411 n 
Kill 8 0 4^5)Sl<OpS^5s' Kil 8 0 

/^KHtl Ell 2 0^^*- K<bJgffiL"C^ 

[0116] *st*«-ett, SttJf t ^ft^a*** t o 
hb^«* {x^—v-m) n (i8oo, i 

8 0 5 aMl 8 0 5 b) a>b«J*£ft"t^So »1 * 

f-S 1 8 0 5 a (1 J?£ 6 0A<D(A 1 0 . 7 G a 0>3 ) 
0 5 1 n a6 P«*»fe»#aFn-C^S. #fi*T-Pfli CM 
QB) «1 8 0 011 e^l4A(DGa 0 . 5 I n 0 . 5 P* 
^#FJf 1 4A<0(A 1 0.7G a 0.3)0.5 I n 0 . s P 

i^ii^^4^o *2^-fll 8 0 5 bll 
ffS 6 0 A<D(A 1 0 .7Ga 0 , 3 ) 0 , 5 I n 0i5 Pi^bM 

[0117] ^ma^rPfS (MQB) 11 80011 

% Q mi x^—vm i 8 0 5 a N ^sa^-pt C (MQ 

B) if 1 8 0 0 5^2^^! 1 8 0 5 b<D^%\<D 
fSH 2 6 0At?fc5. Il^-ti 1 8 0 5 aS 

2 y-g i 8 0 5 bi m^-^^fiif-Ptii 

(MQB) ■ 1 8 0 0 * h t i 9 - i 

[01 18] ±IE^fll3tt-«toT, e^i^tf 5&A 
■^IcWi-SWaiil OOme VJ**0£*U Stt«18 

0 2^e?"5ifiafDKiRjf 1 8 0 i^a;T-^ssAi"6-<b^ 

SUWJSnio #SfiT-P$ilJI 1 8 0 QtD&&<Dlt*>\z % 
*Mt?-l»M*#fcfc^»3 2 6 oA^^-tit 
Jfc^T, ^IttfdBftttJi 18 0 1 <03teBB ca»«»* s 1 % 

[0 119] WJ£LfcJ:5K, ^TfifPSftflRfli l 8 0 1 <h 
fgt£« 1 8 0 2 i:(75H(wffiB-t-5^-<— ^■* J *VM5 

if, mt^^^t, prtSfDSWiuii s 0 1 tfe&mi 8 

0 2 t<©WHI^*v^5ir, "IftfPKiRa 1 8 0 1 



f:ltt:J:ot, ^im^M^M 18 0 1 otl^-ffiS^ifi 

[0 12 0] ±36*3* 5 fc, ***«-Ctt, 
t Rlia?D®HXSi:cora^#SS^S (MQB) JS^tf 

[0121] ^ms^wtav^att^sr^tsfpSMxii^ 

So 

[0 12 2] (Ht£CT5) g14SottSEftA?a*Sr^tp 
Wf4*|6l»-J£1tti-5o rftlwJ:!K ^IfiSfPBRilXJH-*3' 

[0 12 3] KT\ pIISfD»i|R/i*r— 
•TS^ffi^OV>T, "SlfiafPKlRa^G a I nPiES^fe 
flgjSSfU ^ 5 y Kiaif^^fi^A 1 G a I n P 

[0124] iqrttftKJR*^ 5 ^■t?«8ttaB^#MH0^ffi 
frhtt^-v^^ S:««IEttA1H«^Ji*t-®J* 
5/ KJfoT^KttbnfcpIffifpKUXJiS:, BfcKSSJSlw 

[0125] **W(zaiUfc^ftft!»ttJi 1 9 0 6COX 
[0126] 12 5A«r#fi8i"*t. niGaA s^tg 
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1901^11:, S i K-/niGaAs/<s/7ril 
9 0 2, Si K-^nlA 1 G a I n P * 9 V KJf 1 9 

0 3, I#ti^FSi411 9 0 4, ZnMpI 
A 1 G a In P f~Jf 1 9 0 5. piG a I nP^I 
tafn»4XJf 1 9 0 6, RXfZ n K^piA 1 G a I n 

p^7«>KH 9 0 7^ :o)B#t'M^5o 

1 0 2 -77^WJix^ 

[0 12 7] g^C, El 2 5 BKSSnSi P^A 
1 Ga InP^7^Kll 90 7(D5ttS i 0 2 ^* 

^V^£*X, pSA IGa InP?5yKil 9 0 7# 

[0128] 8[Ji*5S3js±ti»fiS;*nfc**R 1901 

LT, rORCffc, r^^^S. IE* 7 6 T o r r CO 
7K*#B^4 , ^l#f^l3 1 0 0 0 c c^S"e*A$4x, 
£«1 9 0 1H6 0 0 < C*-C.*PfiaSix^o 0 2 5 CIC^ 
SH5J:5t-, "IffifnKifcJi l 9 o B&^yf-^fZin 
S c Z.(O0kWT^<OG a I n P "ISSfnKUXJf 1 9 0 6 <D 

T, 5 nm^fifbRtt* 1 9 0 6 4rjfc*i-5fc»»- 
J*, 3. 6#ra^^^^>^ s ^i: Six*. 
[0 12 9] jfcK:* 02 5Dt3*Six*«t 5 KJfctf 
ftlZTA'V'V, hy^A-tfy^ (TMG a ) , &I>* 
nIK^^bitW'>7^ (SiH 4 ) ri^A 

T^ffltSnSG a A si 1 9 0 8 ;WgtRft)t-^ * 
i/^/w^SSix^o 

[0 13 0] r<^i£K:J;<9, SttJf tc^-^fc^x. 
y Six*. 

[0131] w<Df£, HI 2 3 E^tj^XS <fc 51-, Pi 
Ga A sit pftiJ«ffit^r.<Dlfi#-C^SixSo 
[0 13 2] £*±:0<fc5lc, *HlS«^J:4xtf. iSttJi 

tRMJ-S**SiX, ionlG a A s = * bM&MM 

B*s*a*ixS 0 

[0133] mmm 6 ) u— fStBafittfliS 
flSt-KBSt- K— ^Sixfc"5Ite¥nKilXS^EK$ix5 

[0 13 4] Ga I nP^IfiftjRlRil-PaK-^h 



TfciZ n t nSK--'^ h"e*>5 S i i SrlSIBt^aSAD 

* y 7**^077^^^: t *< #2»^SSSr 
5 6 5 2 2 o 

[0 13 5] I^»*t«jB«Bttt, ^I«&fP»tt« 

To«5t^***^--^3SB3iM^a4Sixfco 
6^HlfiCT^, JttWSixSo 
[0 13 6] 0 2 6*r#BHUft*fe, *3693l:: 

# u— ^kb <^ * 6 fcttW 1~ * o 

[0 13 7] St£2 0 0 111 (10 0) Bri>fe[0 1 
l]^f^tC9° MUil^nMGaAsSgT' 
fc5 0 roK«2 0 0 lOiK, S i K-7'nlGaA 
sH45^77*2 00 2, Si K-^nSA 1 G 
a I nPH45??y KS 2 0 0 3, H^fifi^F 
SttJl2 0 0 4, Zn K-7 P plA 1 Ga I nP^bft 
^7^-fi2 0 0 5, Z nSU'S i K-^piG a I 
n P^^^ltr *FW05Sftl 2 0 0 6, ZnK 
-/plA 1 G a I n P*^b443fe^ K12 0 0 7, 
Z n K^/pSA 1 Ga I n P^b*5»l Wpl^7 
V KB 2 0 0 8 , &t>*Z n hWpiG a I n Pfrbft 
y^|±i2 0 0 9/5\ rtDjiItl^^SiX^o 

[0 13 8] mtxf L >^ffit«2 0 0 9<^Jtl3tt, Z n 
K-^pSA IGa InPH4Sy y S^ROJB 2 05 p 
S^yK12010i:Zn K-^plG a I n P^fe 

4§3y^^M20iit«Jti5o 

®2<Dp§y^7^ K12 0 1 OM^^^ KB 2 0 1 
Si K-^nSGaAs^5>4St«^o 
y^l2 0 1 2l:±oTl^ntl^, 
y^^hi201 1 ilSET'o ^1201 2^11: 
tt, ZnK-7 P pSGaAs^5)i§^^^l2 0 1 
3«Sntl^o ^rt^|2 0 13MM2 0 
OlOMKIi, P Sii2 0 14MnSli2 0 1 

5 a* - t *x«x#j* s n-o * a . 

[0 13 9] #*lfc«0*»*u— 1fOftJ*HB:, 0 1 

0 0 4(2, KS5 nm0 3o<?)SiWFSr$tPo Mi 
^.^^pliafDfSlRS 2 0 0 6 (D%134 KB 2 0 0 7 H 
5£of §^ 15 0 nm-CfcSo 
[0 14 0] *Hlfc«H ffi*-¥-#F"TfifPKiRB 2 0 
0 6 CplK-^V hinS K— h t SrlH^t-jftiD 
t^iiCi^ ffi*^#F^IttftflRiRB 2 0 0 6^ 

* y 7sa^i^^ /< ^ ;: sssiitP5^t\ Ma£ 

2 0 0 6<£>** y TB«* S 2 X1018cra-3i45 
i5t, ZnXtfS i^WbD**«t(l**w»W*^"CV^ 

*o 

[0 14 1] *«Mo*fttJ: 9ff«Snfc*»ft^ 
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^ twtt b n * h <o t raw <z> § isw§i65L*a $ £ 

-130dB/Hz tlT^R I NA*»fctl4 0 $ b 
0 0 0Rffl^5) 2 0 0 0 0SB^St*ix5o - 

[0142] #3aft«-cn *im p»ir«^ p a k— 

[0 14 3]*HH«m K-/OhtUZn»tf 
S i^i^ixti^c brt>U ttJBS*t*'<# K~'< 

[0144] (HJteCT 7 ) 6 T-fi, "SJi&fDP^lRS 

lP*B*IM!i-*. 
[0 14 5] !fSfi|lo«SSxa»J:j3i^T** 
Six* »e\ ifi«»rWj««*iii^flqfiEl-« 

tlZ>o *<Vtztb, Zn^ Ga I n P"SI«&foK4XJi^ 

SE^a ^ItlnSK^^ htfcSS i £ pSK-^ 

I n P plfflfDKlRJi^^b^Z n^ffiik^WSllSix, ST 
H<0** U r i*^ p 7 r ^Srftt I i: 4 < **** 

[0 14 6] HI 2 7 4r#JHL*a«fe* **Mi:i5*» 

[0147] St£2 1 0 1 11, (100) ffi*>b[0 1 
l]3ffitw9' Ml^iSrftonlGaAsSfit*) 
6. n(OS1S2 1 0 1 S i K^nlG a A s 

^&ft4^y77l2 10 2, Si K- ZniAlGa 

I n P^ft5^77 K12103, Sl^fii^-^FS 
t£/f 2 10 4. Zn K-7'pSA 1 Ga I nPH4i 
7^-tl2 1 0 5, Z n&tfS i K-/plG a I n 
P^b*S3l» J f-#F^I«&fP©>RW2 10 6, ZnK- 
^pSA 1 G a In PfrbteZftJU KJf 2 10 7, Z 
n K-7'piA 1 G a I n P^^^H ^pS^7^ 

KS2108, St/Z n K-^pSG a I nP^b45 



iyfy^Jhf2 10 9^, r^Wtd?Kj5S;$jx*o 
[0 14 8] aiy^^fiHUf 2 1 0 9<0±\Z\L Z n 
FWpSA IGa InP^b45!) 5/^M2 0p 
9 V KJf 2 1 lOtZn K^piG a I n P^b 
ta^b^>9 9 VM2 1 1 1 t^MSnSo y y 9 J1fc<D 
%2<r> pS^ 7 KI 2 l 1 ost>^^^^ H2ii 
SiSUZnK^niGaAsH45 

mi^^ni y *ji2 i i 2^j;ot:*i«)iA*nri^ 0 

[0149] ^9 9 hS2 1 1 1 ttST'D 

y9M2\\2t<0±.\Z\^ ZnbWplGaAs^ 
bfti*^y^Ji2 1 1 3^?Kj*SiX"CV^5 0 *^ry^ 
1211 3W±SU C SS2 1 0 l^)*ffildtt, pSttfii 
2 1 1 4MnIttS2 1 1 5****tW»Jit*ft-C^ 

[0 15 0] *S5««<DM fe *#^--f s 3S«^*5SBI**> 
Hi 2<0fcO>i:RID-Cfc4 o l#ii : i L #Fgt4i2 1 
0 4 11 J?J 5 nm(7)3 0<7)li^F^ttro ^fi^* 
#F*IS&?nKKJi 2 10 6 <F>%m Kg 2 1 0 7 H *& 
J*x #0. 5 t?ff 150 nratfc^o 

[0151] **Kt«tt, tt«L^* ^^I2112(ln 
h t pIKw<y h £ SrPJWFIdJfiJpid J: 9 , 

2 11 2<75^^y T»S35 S 3 X 1 0 18 c nT 3 £ ft 5 <fc 9 

s i&vznoasjD*^»*^wj»*nSo 

[0 15 2] #**«<o*teldJ:9fP>iaftfc.*»*^ 
C, - 1 3 0 d B/H z WT^OR I N^#bHI)o $ & 
0 0 0B5B^b4 0 0 0 0SfH^SS*H5 o - 
[0 15 3] *H*«-ett, t»»M^pIK^v 

J»*»JC|S]±*ft4. 
[0 15 4] #S0fcM-eH\ S«T-#F"5IfiSfP5R4XJi i: 
SSfE^o y^Jlt^ 5 , 2fi^co^^i-ctoTI^)0#^ K 

[0155] *mipmi K^htttznSi; 
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[0 15 6] (HMS«8) »T, **WI-J:**-y^» 
[0 15 7] ltSro^SM*:^ai/^fea«W# 

[0 15 8] fyT^Jiat, BffJ6*>i5H0^*H4«: 

it, s»^/u*iB»*-£fc£*. mmmMtf i o o - 

2 0 OmACDgSfflfttcftt^fc, T^p°pi: t"CSf»Sft 
5. 

[0159] fy^iistttssnft^ofc 

^ ffy/S;j|5 B ^r^-yf 
[0 16 0] ftK, m-^^^XS^tr^ix^o #*W 
raffle u—U s S6Jl(0»-&. lf*«^H!t6NP^^— f 
fc. Sfc, !f*awHIWr«!<»»«>ttl«te. » 

if*«^BB*ftaiatttt i o o 

1 - 1 0&<D&M&\Zlt$)7 OmA^«B»«aE'e 
[0 16 1] «rttO±lB0>a5flsH\ if*«^IIB*fta 

co jtKw ^ s t ^ ib rt c -5 a* , * <om rfl t fc 

[0 16 2] ^«*u-1faSllSrJtiR4: LTS^fi^ 

u- i~i2 o»m*jftrit*^-if*«s 

=K*o^-l-5Mlti"*iW»-, ?x/<*fLT3 oo-8 
0 O'C-C&J 10-6 O^WT^/uSrirKt^io 
L — lfaglt<^*M4tt*3£ft*ixSw i: fcfc^ofc. 



*s*<*4. *fc, ^w*!^— y»«*s«sijtea9»fe 

ai^su— tf/^(-^BS$^fc^{ztfv^§So 
[0 16 4] ±|EO>*.- > f y^iS»0 t 7--/Hi 1 **! 

«SfDBRiR*^pS^«« (»»wZn) ^HMCK-^ 

$nfc«^i-, »4bw^Sb*Srtfcfei-o 
[0165] ±|E<7)^4x^|llfe0iJ^iot^-C A 1 G a 

Wte, Al,Ga H As (O^x^l) ^, Al x Ga y 
I n H . y N (0£x£l, O^y^l) £fcf*M 
gl Zn H S y Se b (O^x^l, O^y^l) ftd 

^$n5ifil9, **Lfce&««a**j*Stt»5 0 

[0166] Al x Ga„As ( 0 ^ x ^ 1 ) *^2»<£ 
U-iFi£«<&»g\ gttl»Al ftl Ga a9 A 
s^bM^n, "SI«fP»lRJittG a A sT^fcTKjftS 
^7 5/ KiliA 1 G a A s ^bMSHSo 

[0167] A 1 X G a y I n lvy N ( 0 ^ x ^ 1 , 0 

^ y ^ i ) *#a»*u'— ifasitw*&, fflX-tf, Stt« 

14 1 n 0 . 05 Ga 0 , 95 N^^M^l, IM&fnRJiX*!* I 
n 0i2 Ga 0 . 8 N^bMSn, K«I4A 1 U G 

a 0 . 9 N*^7I2j£$Jx5o 

[0168] Mg,Zn h S y Se h (O^x^K 0 
^y^l) !fafi«<0*&. tfl;tttc\ gttS 

liCd 0 . 2 Zn 0 . 8 S e*>fe»J*S*U ^TfifP»iR»«±C 

Z n 0 . 9 S ai S e 0 , 9 ^?)M^5o 
[0169] (»S^J 9 ) ftlw, El 2 8 bft* 

[0 17 0] jt^-<^^S«tt. **fl©*i*^-f 
^1801^ ^Wfru— ifag«8 0 l ^6»4tSttfc 

if 3t : 6 5 0 n m) *Spff 3tJ-i"S ^ V * — 

# uyX8 0 3 fc/ ^0¥fT3fc£3#<OU— if3t (^<30 

8 0 4 ^ u-1f *^»triS»*:aa/Rlti" 

(D\y— ^f% i k%y t ^ 8 0 7^i[:7t-^^«l 
3tuyX8 0 6 t, ^r$tr 0 *7^^ 8 0 7(DK' 

**n*o 3t^^^ 8 0 7 tLTf4 4 8E^tBL*ffl-r 
fc fc t»c»**^lB*t>«)tttfflS*t»5. 
[0171] Tfe-r >f 8 0 7*^R*tSnfcU— 9 s * 
tt % /^7/!JXA8 0 5t5M^nfcfl S3t^>X 
8 0 8R^>!l>K!)*^^^X8 0 9$:aaU S3t 
*^8 1 OCAStt^o $Jt*^8 1 Ott, «»^»W 
$ixfc7^- h^*- KSr#U-C*3 9. *7^^8 0 



(14) 



ftBB 2000-68610 



^-CSE»]^8 l 1 *536**S:«lbi-S - ii:iot, * 
r^^ 8 0 7<7>±cou— if**** hOteBSrSSfit" 

[0 17 2] ftrV **§6«fc*3^-C, If as 

Z.<Dtz.tf>. t^t^*^ 8 0 7^6>R*t*nfcU— 1f*<^ 
-W^7/yXA8 0 5 t@Sft&^8 0 4 <t £3gi© 
U-f 8 0 1 ICloT # 1 fifths 

[01 73] HI 2 2 \Z7jk-r*m& W-lf Wett, Tfcffi 

< 0 m 5mwo*u»"cii, ea*a»afec 

[0 17 4] _hyi<7}£ 5^, **9lO#^**»B"C 

tt, ffiilljSfiSfflSSg^p^p^fflVN^r ii< , 6 3 0- 

6 8 0 nm^ft*-Cjfi:»*#^* s aiJ***t»*. 
[0 17 5] lilCS tt, 6 3 0-6 8 0 nm«S 
tim^)t*^A 1 Ga I nP**i*U-fKI 

1 G a I ii P^^ft:U- If 3£ea 5 3fcT^ * ^ IS 

[0 17 6] (Uttiflli 0) gctc, *«W»wJ:**^-f 

[0 17 7] Jfcf^^SBtt. *«9J<0M*^«<* 
u^f glirttf i^-f h^fflt^o u— if:* 

fc, ^(DAlIz^V^ h$ftfc¥*ttw~ifa£Bi:, £^ 

ifft£Ktt£i£5-^^* * y^>SW3 

[ 0 1 7 8 ] HI 2 9 Sr#BB 14^5>, r<7>u—1f^-^y 
hSrKMi-So H 2 91^**1x4 J: 5 
(7mmX3. 5 mm) 1 <D±ffi 1 a <D*£:\ZWM 2 



ad* (10 0) ffiT^5I^, (111) m\*s 

fiifflsnso (in) sn (ioo) ®^b54 e 

tR^Ut^o tcotiib. iffila^ (10 0) ffi^fe 
<l io>^^!:9° £tt«#bfc*:7*«* s /H^feft 
fttf, ai:»Lt4 5° IWIlf: (111) oBri* 

n&ns. (ill) Birjtmi-sffiBiwRjtfenfc 

(111) ffili, Btffil all*flT6 3° «#H~5. - 

i^y^iaotMu (i i i) as»5p?t*5 9 

— DB"-Cfc5<D-C\ ^ o ^ ^ — 4 i LTttltgi" 

fc, u— tf3fe*r»«RLIli^*l«*^ JftK»->y3 
vW&l l W«»BB±»-JR»S*t*. 
[0179] >-g$£ 1 <D±l:J4* I— if 

B3<^3fetU^lS:^--^— h^>f K5 
*wiD*T, 3fe**»fflffl^)5^#j7* h^V^"- K6 a 

[0 18 0] EI3 0Sr#BBt** s fe, ^HJfiCT^Jtx-r 
^^»B4:ttWi"So WSEb^:«ieSr«pou-ifrL=y 

h l oco^ffu— if^fi (El 3 0 Uite^FEI*) ^bSt 
*t£ftfcU— tf*tt, -^>f * n S 9 — (0 3 OHOTB 
5*) ^feSttSnT, ^o^7Ai^i lOTBBiwJgj* 

t^«) o -tCDSHw, U— *f3tttl/4«fiS (1/4^ 
tE) l 2 fctttou^Xl 3 £&S»U l 4 

w±i:7^-*^Sn5o ftx-*** 1 4^bRlt*ax 
fcu— ifjfett, ^ftwyXi 3.&t/l/4^fil 

3 ltc^Sn5«t5l-, - 1 + 1 2fc3t 4: * s J»J* * 

8l5a KPMtSix, + llkjtfi, H^fBllJ-ffiBi-4 
5 bCBSfitSn^o ^0/7^1 1<^1 

[ 0 1 8 1 ] El 3 2 IZTjkZhZ X o \Z y U-if^fe*^^ 
5 a i:»rtSH5SJt^-f 

h<DBm*. a*««i 5 b»c»rt;sniR«t^-if* 

h 1 0<D§7fcnB$c 1 5 a Jw»J**lx5S4t If* t?" 
-ACO^^^/ hGD^m, S^tnl^l 5 bc»rt*n* 
RAtu— if**'— ^(75^^^ K^?KtRtfi*<cSo 
[oi8 2] fe*(oS*1R«^±l-«fiS:*ix**^— ^ 
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Xtfy h<Djz% 7 * — * tB^ (FES) 

[ 0 1 8 3 J 

FES = (S 1 + S 3 4- S 5) - (S2 + S4 + S6) 

50^)7^ Y WteW^30W7^ 

K*»bUJ**nfcft*^Bl*«:«*U. S4-S6 
J*, gJfeS«El 5 b«r«J*L-Ci** 5 007^- h^V * 

(FES) ^BOi#, ifattt*?^ 

1 5l:J:ot, 7*— ft -*§- (FES) rtHfci 

[0 18 4] h7y*^7- (TES) tt, 

[0185] TES= (T1-T2) + (T3-T4) 
T 1MT2I1 S:3fc««l 5 a «UV^5o^) 
7* Y¥<<it— Y<0\ft<Dffi$&<0 V¥«<3— Y 

*»bU*Sftfc(B*«>3Mt«:««cU, T3MT4I1 
gftfgtfcl 5 bSrWfigLTV^ 5o(D7t h ?V K 

[0 18 6] (RES) tt, &Ta>J:5lw#* 

[0187] 

RE S = (SHS3 + S5) + (S2 + S4 + S6) 

[0 18 8] ±Eoj:5»3, h 
M^KTi^^ %^W.HT Z 7^ * ^ Mi* WO 

»j*sns. )tWj;r7>f^h^§ 

[0189] 

[SSIE^*] EJUb<£>«fc5l::, *«M^J:ntf, ^Tfifn 
[0 19 0] Sfc, *#W*>#»*u— - e*t 

[0191] s'afiittt, UK 



So 

[0 19 2] Sfc, *«W»witltf, f"/BrtK:# 
LT, mid J: 9, SB«««r«AKXa-r«. 

[0193] *fc, **w«wintf, ^i«afpKiRJH j ? , « 
!> raiST'o^r^^^^tL-ftv^ Sot, 

[0 1 ] «*«lc*»t«*W*u-lf*«oWBBia-C*> 

So 

[0 2] «e*0iJtw*5ftS^rfiSfPK«RJl^A 1 Saj^Sr^i" 

BlTffcSo 

[S3] GaAsiGa In P ^IdOl^T, f1Jf#£>*-V 

[0 4] iTfifn»iRJHw*3W5*-v y T*ftWIH<& K— 
t° > ^ u^HftfiFtt Sr^i" ? 9 "7 "C fc § 0 
[0 5] *3BW(0*l<7>JttS«^d3ffSA 1 G a I n P 

S u~ -if Vfffi 0 "Cfo * o 
[0 6] *»M^«l^Xlfc«*^*t*flHt'iiS«^A 

[0 7] *«W^»l^*lft«^*^4«jK-*tll**S 

[0 8] **M(^*l<7)|61fc«lwfe^S3tM**t/*Ar 

[0 9] ^IBW^Wl^lilftW^*^**^*^*^ » 

[010] **eB6««ta* (p maJt ) (D-zimmwn 

[0 1 ia] ^HJtWtcasJtS^^*— 
/<>- K^t>*m : ?-^lg^*^*i"0^fcSc 
[01 IB] #36W0>Wl ^ItKSWi-fcJti^ 1 *^*— 

Kst>*m^-®a^ : w^^"t"0^^^o 
[012] *^p^^^i ^stutwi-is^a^^— f-Jia? 

So 

[013] ^m<omi wjufcffin-ssji"*^^— 

[0 1 4 A] **W^»l^3tll£«i!S*«i:^HI^*S 
^ it© Sr *^0 1? fc S o 

[01 4 B] *«M<7?*l^3t*«t«*0yi:oBBOJt 
^m£<D i\M * Tj^ir 0 -e fo s Q 

[01 5 A] *3BW<o«lO*]!fiM^*5^T, ^ 
P5X 1 0 17 c m' z X K— 7 , $tt"CV^*»-&a?(§att 
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[H15B] *&W<nmi<vM1&fflfci5\,^X. *s<— V 

[Ell 6] i^Sco K—t^^/u^^i: pTISfD^iiX 

Jl<73 K— t^y^i/^t^SS (AP) tr^-T^ft^S 

[017] ^ffifnffiilXJlX^^iSfiStwSb^t^^M^ft 

[[3 18] ^tt*iaS>RJi2lt/*wiS«lwfc*tS^tt*» 

|7'n77^^^t^7t 1 fc^ 

[Ell 9] ^«afD®iRJBS(/*^ifil*twdott?>^W1*» 

gyu 77^^Sr*t^77-efc5o 

[El 2 0] ^^fP^lRS&t/^^^f^^ott^^^S 
S7 P D77>l'^t^77tfc5o 

[i2l] ^^^^2(7)^tS^!ll^^^ ; 5 A 1 G a In 
P s^agfls: if mU<0% 2 (OHlfeWOWf ffiBl"efo So 

[El 2 2] *«P^<7?S2 0|lffiCTJw*5*tSSttJii£^ 

A 1 ffl/#&*-t*Ei-e*>5p 

[123] *3BW^>® 3<^H160iJi-*3*t5 A 1 G a I n 
P 5g if ^gcDWffi El Tfc 5 o 
[02 4] **KW*4«>lil(tffillw*3*t*ettJI3fi»^ 

[0 2 5 A] *«PJ^^5^*JfeMtwjo^t5^«(*t 

[02 5 B] «^^^5^M!ll:^*t5^i*^ 

[0 2 5 C] **WO*5<OSIlSWlC*3lt5**ffU — 
1?K«oja5txeS:^i-|Srffi0"CfcSo 

[02 5D] &mw<nms<Dnifcm\zte\t%¥m>i£i<'- 

■9-'3ga<^K5gXSSr*i-Wffi0T?fcSo 
[0 2 5 E] *«W^»5(^|illfi««-*5*t****^— 



^»«olBJfixaS:»-t"WrffiBI"e*i 0 

[02 6] *«W^*6 0)||)6«»-a3»t*A 1 G a I n 

[0 2 7] *55WO»7^HtSgiJtr:*3*t5A 1 G a I n 
P^RMMjftt: ^3gfioWrffi0-C* 4o 
[02 8] *^Jl«t53tx>f ^^Kfi^*E^«fiS: 

[02 9] ♦JBWfcJ:**^ ^SgW-ttJBSft*!' 

[03 0] ♦igWlwiSJt^-r^^KWwfl&o^llliWo 

[03 1] *«Wfci«3t^^^^*«^SI*Wwffl^ 

[03 2] 

e>ft*3tfiittssg<o3pffi0-efcSo 

[flF*w»W] 

2 0 1 nlG a A s 2 0 1 

202 nlG aAs^y7ri 

2 0 3 n MA lGalnP^yKS 

2 0 4 #fiiT-#FSttIf 

2 0 5 plA 1 G a I n P*^— iHI 2 0 5 

2 0 6 piG a I n Pig K— ^pI«&¥d»J|XJ1 

2 0 7 1 CO p MA IGa InP^yKi 

2 0 8 pSG a I n P y ^ > ^flPiLJi 

2 0 9 » 2 CO p MA IGalnP^yKi 

2 10 =*>^ ^h|210 

2 1 1 nMG a A sfS^o y^JI 2 1 1 

212 plGaAs^ty^i 

2 1 3 pMttffi 
2 14 nMli 
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